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Abstract. The NASA Kepler mission is providing an unprecedented set of astero- 
seismic data. In particular, short-cadence lightcurves (~ 60s samplings), allow us to 
study solar-like stars covering a wide range of masses, spectral types and evolutionary 
stages. Oscillations have been observed in around 600 out of 2000 stars observed for 
one month during the survey phase of the Kepler mission. The measured light curves 
can present features related to the surface magnetic activity (starspots) and, thus we are 
able to obtain a good estimation of the surface (differential) rotation. In this work we 
establish the basis of such research and we show a potential method to find stars with 
fast surface rotations. 



1. Introduction 

Solar-type stars have global physical characteristics similar to the Sun. From the point 
of view of their oscillations, solar-Like stars are excited by turbulent motions in their 



convective outer layers (e.g. iGoldreich & Keeleylll977 : Belkacerti et al. l2008h. These 



oscillations are also present in red-giant stars (e.g. 'de Ridder et al.' "2009'; Bedding et alj 
12010) and even in massive B-type stars as recently shown by BeLkacem et al. (2009b) . 

Solar-type stars are generally slow rotators (in most cases vsin/ < 20km s~^) 
and the influence of rotation on the oscillation frequencies is currently considered to be 
small (at least) on a global scale. However, distortion due to the centrif ugal force can 
have a larg er impact on the oscillation frequencies even for slow rotators (lGoupilll2009l : 



Reesej|20ip, and references there in). Such an effect is stronger for p modes with small 



inertia. These modes propagate mainly through the outer layers of the star. There- 
fore, their frequencies are more sensitive to changes in the surface physica l properties, 
where the centrifugal force becomes more efficient (e.g. lSuarez et al.ll201 0'). Moreover, 



when the rotation becomes important, the coriolis acceleration influences the stochas- 
tic excitation of the modes and the am plitudes at the stirface c ould be different for the 
± m components of a given multiplet ("Belk acem et al.ll2009ah . Finally, the structure 



and evolution of the stars chan ge whe n rotation is introduce d into the structur e and 
evolu tion models (e.g. Mathis & ZahnI 12004: Dec ressin et al.l 12009: Eggenberge r et al. 



2010l) . Once these effects are taken into account the inferred age of the star could 



change, which has severe consequences, for example, to the exoplanet research. 
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^Space facilities such as CoRoT ( Baglin et alj l200d) and Kepler ('Borucki et ajJ 

2010), allow us to m easure oscillations in many solar-like stars (e.g. Mic hel et al.ii2008l : 



Chaplin et al.ll2011b ). and thus to potentially study their rotation. Rotation breaks the 



degeneracy in the azimuthal order m of the modes, by splitting the modes in 2^ + 1 
components. Depending on the inclination angle of the star only a giv en number of 



these components are visible (e.g. Gizon & Solanki 2003 ; Ballot et all ,2006). How 



ever, when the damping time of the modes is small, the modes have large widths in 
the frequency domain and the split m components are overlapped, making the measure 
of the splitting and thus of the internal rotation difficult. This effect is pa r ticularly im- 
portant in F-type stars (e .g. lAppourchaux et al.ll2008l : iBarban et al.ll2009l : iGarcia et^ 
2009l:lMathur etal.ll201lh . 

High-precision photometry, as needed by asteroseismology, also provides a mea- 
surement of the surface rotation rate through the detailed analyses of the light curves. 
When a star is active, starspots cross the visible stellar disk producing a reduction in the 
luminosity of the star that can be measured (see Fig.[T]). The time evolution of such per- 
turbations provides a measurement of the surface velocity at the latitudes of the spot, 
which als o allows us to determine the surface differential rotation (e.g. iMosser et all 
l2009i : ,Mathur et al.ll2010ll 

In the present work, we use the Sun-as-a-star measurements collected by the So- 
lar PhotoMeters (SPM) of the Variability o f solar IRradiance and Gravity Oscillations 
(VIRGO) instrument ( Frohlich et al.|[l995 h on board the Solar and Heliospheric Ob- 
servatory (SoHO) in order to help guide the analysis of the rotation on other stars. In 
section 2 we explain the methodology and we apply it to the Sun. In section 3 we will 
show some preliminary results obtained using the Survey phase of the Kepler satellite. 



2. Methodology 

To study the surface rotation rate of the asteroseismic targets, we analyse, in a semi- 
automatic way, the low-frequency part of the power spectrum. We concentrate on the 
region with periods longer than one day with a lower limit corresponding to 1/4 of the 
total length of the time series considered. We look for peaks above a given threshold 
whose value is computed in a statistical way after analyzing m ore than 20 00 solar-like 
stars measured during the Kepler survey phase (e.g. V erner et al.ll201lh . A starspot 
fitting can then be performed in the most promising stars. This technique can give more 
information about the properties of the main spots as well as a detailed description 
of the differential rotation in the active latitudes (e.g. Mathur et al. 2010; Ballot et aP 



20111) . However it is very time consuming and it is not very well suited to analyse a 
very large number of stars. 

It is important to notice that the analysis based on the light curves, will not extract 
the surface rotation for all stars. Indeed, only those stars exhibiting starspots produce a 
measurable signature of the rotation. Moreover, if the inclination angle is small and the 
active latitudes of the star are close to the equator it is difficult to measure a signature 
of t he rotation. This could be the case for the CoRoT target HD49385 (for more details 



see: 



Deheuvels et"aDl2010l) . 



In Fig.[T]we show 100 days of the VIRGO/SPM light curve taken close to the max- 



imum of the activity cycle 23 (top) and during the extended minimum (Salabert et al. 



20091) between cycles 23 and 24 (bottom). In the first case, the sunspots crossing the 



visible disk of the Sun produce a modulation of the flux in the light curve. In the second 
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Figure 1. Solar photometric light curves taken by the VIRGO/SPM instrument 
(blue channel) during a period close to the maximum of the activity cycle 23 (top) 
and during the minimum between cycles 23 and 24 (bottom). The origin of time is 
March, 2, 1996. 



case, the Ught curve is flat and we do not see any suggestions of the presence of spots 
in the Sun. This is corroborated by the detailed analysis of the power spectral density 
(PSD). In Fig. |2] and [3] we show the PSDs of the light curves taken at the maximum an 
during the minimum of solar activity. During the maximum, we can clearly distinguish 
a peak structure with a maximum around 0.9 yuHz and a secondary peak at ~ 0.45 /iHz 
corresponding to ~ 13 and ~ 26 days respectively. In this example, the highest peak is 
the second harmonic and not the first one. Therefore, when analyzing other stars, we 
need to be very careful and, when a peak is selected in the PSD, we need to check if 
there is a harmonic at lower frequency that could be the frequency associated with the 
rotation period we are looking for. Contrary to the PSD of the light curve taken during 
the maximum activity, at minimum, we do not see any peak associated to the rotation 
(Fig.H. 



3. Analysis of asteroseismic light curves 



Preliminary analyses of the Kepler data (following the methods described in lGarcia et al 



201 11) show that rti anv stars have signs of magnetic activity using a starspots proxy (e.g. 



Garcia et"al]|2010h . However, the amplitude of the oscillation modes and the activity 



proxy are anticorrelated. Unfortunatelly, those s tars exhibiting higher magnetic activity 
have no detectable modes ( Chaplin et alj|2011ah in the PSD. In Fig.|4]we show the light 
curves of three typical stars in which some surface magnetic activity has been mea- 
sured. A repetitive pattern of a few days can be seen in all of them. They are potentially 
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Figure 2. Low-frequency region of VIRGO/SPM blue channel PSD obtained dur- 
ing 100 days close to the maximum of solar activity cycle 23. 
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Figure 3. Same legend as Fig. |2]but using 100 days during the minimum of the 
activity between cycles 23 and 24. 
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fast surface rotators. More complete analyses, now being carried out by the PEll team 
inside the Kepler working group 1 , include the use of wavelet tools to obtain reliable 
periodicities for all the stars in which pulsations have been detected during the first year 
of measurements. 
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Figure 4. Example of Kepler light curves showing starspots in their surface. Time 
starts on May 13, 2009. 
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